An analysis of semileptonic decays of B mesons with the emission of a single soft pion is presented in the framework of the heavy-quark limit using an effective Lagrangian which implements chiral and heavy-quark symmetries.
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I. INTRODUCTION
Semileptonic B → D ( * ) decays with emission of a single pion may soon be established at CLEO or ARGUS, as well as at the planned B-meson factory. These decays, denoted B ℓ4 in the rest of this article, complete the list of this category of decays which includes K ℓ4 and D ℓ4 . There are fundamental differences among these three decays, which make their study very interesting. In particular, K ℓ4 decays can be studied within chiral perturbation theory (χPT) over the whole final-state phase space as the resulting pions are soft [1] . D ℓ4 decays [2] are much harder to study because, with the exception of a small fraction of phase space, the final state involves light mesons with relatively large energies. This makes the use of an effective theory not viable.
B ℓ4 decays offer new theoretical possibilities. As a whole, they are difficult to predict because the kinematic domain of the daughter pion ranges from the soft limit, to be properly defined later, to a high energy limit. However, it is possible to restrict the study to the softpion limit, where one can make use of the powerful constraints resulting from heavy quark spin-flavor symmetry and chiral symmetry.
In this work we study the soft-pion domain in B ℓ4 decays, for which the effective chiral Lagrangian approach combined with the inverse heavy mass expansion [3] provides a consistent theoretical framework. In a strict sense, it turns out that the soft-pion domain represents about 80% of the B ℓ4 rate in the D mode and about 10% in the D * mode.
Here the large fraction in the D-mode is mostly due to the inclusion of the cascade decay B → ℓνD * → ℓνDπ. Since, according to a rough estimate, the total branching ratio for the B ℓ4 decay is about 1% (0.2 %) in the D (D * ) mode, it seems that experimental access to the soft-pion domain in the foreseable future, such as at a B meson factory, is clearly possible.
Perhaps the most compelling motivation for studying B ℓ4 decays is the overall current status of the semileptonic decays of B mesons. The measured inclusive semileptonic branching ratio is 11.1±0.3 %, while the sum of measured exclusive semileptonic branching fractions is significantly less than this. In particular, the elastic modes B → Deν and B → D * eν account for only about 60 % of the total semileptonic branching fraction [4] (b → u modes are expected to be suppressed by |V bu | 2 /|V bc | 2 ≈ 0.01). Understanding the so-called inelastic modes, such as those we discuss here, is therefore crucial to resolving the apparent discrepancies among the measurements.
Another interesting aspect of B ℓ4 -decays is that they may give an indication of resonance effects (especially D meson resonances). At present, the only well established resonances are the two P -wave objects D 1 and D 2 , with J P = 1 + , 2 + , respectively. States that may contribute significantly to B ℓ4 decays, and hence which may be observed in such decays, include the remaining lowest-lying P -wave states (with J P = 0 + , 1 + ), two of the lowest lying D-wave states (J P = 1 − , 2 − ), and the first radially excited S-wave states (J P = 0 − , 1 − ). It turns out that the well established D 1 and D 2 states [5] do not play a role in the present analysis, while only the S-wave radially excited D mesons offer any opportunity for direct discovery using the B ℓ4 decays, as they are the only ones with a small enough width to show up as a resonance feature in the decay spectrum.
From the theoretical standpoint, the soft-pion limit is particularly interesting, as chiral symmetry and spin-flavor symmetry determine to a large extent the different decay amplitudes, in terms of a few low-energy constants and universal form factors. These form factors are associated with the matrix elements of the charged b → c electroweak current between the relevant heavy meson states, and the low-energy constants determine the amplitudes of the strong interaction transitions mediated by the soft pion.
Another area of interest in B ℓ4 decays is their contribution to ρ, the slope of the IsgurWise function which, in turn, impacts on the extraction of |V cb | from data. Bjorken, Dunietz and Taron [6] have obtained a sum rule that relates the slope of the Isgur-Wise function for the elastic decays B → Dℓν to the form factors that describe the inelastic semileptonic decays. The decays that we consider here provide the leading resonant and non-resonant contribution to this quantity.
These decays have been analyzed in the framework we explore by a number of authors.
B → Dπeν has been treated by Lee, Lu and Wise [7] , and by Cheng et al. [8] , while Lee [9] and Cheng et al. [8] have examined B → D * πeν. In these analyses, only the ground state mesons, the D, D * , B and B * were included, which amounts to keeping only those contributions wich are leading at the zero recoil point v · v ′ = 1, v and v ′ being the four velocities of the B and D mesons, respectively. In addition, we note that only Cheng et al.
went on to estimate branching fractions and evaluate the differential decay spectra.
In this work we include resonances which contribute at leading order in the chiral expansion, and neglect those which correspond to radially excited states (except the two resonances 0 − and 1 − which we have to keep as shown later). Since resonance contributions vanish at zero recoil in the infinite heavy quark mass limit, their effects can only be observed away from that point, and as we will demonstrate, they alter substantially the decay rates.
The predictions that arise in our analysis rely heavily on our ability to obtain good estimates of the aforementioned low-energy constants and universal form factors. In this work we use the chiral quark model [10] convoluted with wave functions obtained in a simple model of heavy mesons to give such estimates. It is our hope that this procedure leads to reasonable results.
The experimental status of B ℓ4 decays is hazy. ARGUS has analyzed the processB → D * * ℓ −ν as background to the semileptonic decays B → Dℓν and B → D * ℓν. The resonances included in their analysis were the four P -wave states alluded to above, as well as the two radially-excited S-wave states. They report 63 ± 15 ± 6 possible candidates [11] . This result is based on studying the invariant mass distribution of the D * π combinations that result from the decay of the D * * . The corresponding branching ratios are BR(B 0 → D * * ℓ −ν ) = (2.7 ± 0.5 ± 0.5)%, when their results are fitted to the model of Isgur, Scora, Grinstein and Wise (ISGW) [12] , and BR(B 0 → D * * ℓ −ν ) = (2.3 ± 0.6 ± 0.4)% when fitted to the model of Ball, Hussain, Körner and Thompson (BHKT) [13] . This result implies that the resonant contribution to B ℓ4 decays is significant. In the case of the decay B → Dπℓν, the D This article is organized as follows. In section II we review the effective theory resulting from spin-flavor and chiral symmetries. Section III presents the calculation of the effective coupling constants and form factors appearing in the effective theory, while we present the analysis of the decay amplitudes and differential widths in section IV. Section V is devoted to the results and discussions. A number of calculational details are relegated to three appendices.
II. EFFECTIVE THEORY
In this section we briefly review the effective theory which incorporates simultaneously spin-flavor and chiral symmetry [3] and describes the interactions between soft pions and heavy mesons. Within the framework of the heavy quark effective theory (HQET) [14] , a hadron of total spin J consists of a light component (the brown muck) with spin j, and the spin-1/2 heavy quark, with J = j ± 1/2. For a given j, there are therefore two mesons, and these are degenerate members of a spin-flavor multiplet, at leading order in HQET. In the rest of this article, we denote the multiplets by the J P of the two states. For example, for
For reasons that we will outline later, the only multiplets of interest in this work are
′ denotes the first radially excited version of the ground state (0 − , 1 − ) multiplet. In order to formulate the effective theory, it is very convenient to introduce superfields associated with each multiplet [15] . These superfields provide a natural way of realizing the spin-flavor symmetry. At leading order in the inverse heavy mass expansion one associates one such superfield with each possible four velocity v µ . This is because in the large-mass limit of the heavy quark, a velocity superselection rule sets in [16] .
The superfield assigned to the ground-state heavy meson multiplet (0 − , 1 − ) with velocity
where P and V * µ (v µ V * µ = 0) are the fields associated with the pseudoscalar and vector partners, respectively. These fields contain annihilation operators only, and are obtained from the relativistic fields as
where the label (+) refers to the positive frequency modes of the relativistic field, and M is the meson mass.
The spin-symmetry transformation law is
where e µ k , k = 1, 2, 3, are space-like vectors orthogonal to the four-velocity.
In a similar manner, it is straightforward to define the superfields associated with the excited states [17] . In our case, the states of interest are the (0
′ multiplets, which are described by the superfields
respectively. All the tensors are transverse to the four-velocity, traceless and symmetric.
The transformations of these superfields under spin symmetry operations are implemented in exactly the same manner as in the case of H − .
The chiral transformation law of the superfields is easily determined by following the well known Coleman-Wess-Zumino procedure to implement non-linear realizations of nonAbelian symmetries. All multiplets are isodoublets (we do not include the s-quark in our analysis), so that the transformation law under an arbitrary chiral rotation belonging to
where H is any spin symmetry multiplet, and h(L, R, u) is an SU(2) matrix which results from solving the system of equations
Here, L (R) is an SU L (2) (SU R (2)) transformation and u is given in terms of the Goldstone modes (pions) as
The transformation (2.5) is like a gauge transformation, the x-dependence entering via the Goldstone boson field. In order to build an effective Lagrangian which is chirally invariant, a covariant derivative is thus required, and is
Another fundamental element in the construction of the effective Lagrangian is the pseudovector, k+1 . In the case where k = 0 and the parity of the resonance is positive, as is the case of the (0 + , 1 + ) multiplet, the amplitude is proportional to p · v and is of order p as well. Using these 'rules', one finds that only the states with the quantum numbers mentioned above contribute at leading order in χPT.
The effective theory is given by an effective Lagrangian which explicitly displays spinflavor and chiral symmetry. The O(p) strong interaction part is 
The vertices resulting from L χ needed in this work are displayed in Appendix A.
The range of validity of the soft-pion limit is estimated from the invariant product of the pion momentum and the four velocity. As long as this product is smaller than some scale Λ χ , which is of the order of 0.5 GeV, the application of the soft-pion limit should be appropriate. In this limit, this product has to remain smaller than the mass splittings We note that by choosing to work to leading order in p, we have also placed an implicit restriction on the powers of ν − 1 that appear. Since the largest value of k to be considered is unity, we find that the amplitudes for the B ℓ4 decays are proportional to at most a single power of v − v ′ , and the differential decay width will contain terms with at most two powers of ν − 1.
We conclude this section by making a final comment on the states we include in our analysis. As outlined above, working to order p has severely restricted the states we can include, at least as far as their angular momentum quantum numbers go. However, there is no restriction on their 'radial' quantum numbers. Our self-imposed restriction of excluding any radially excited states (with the exception of the radially excited (0
is motivated by two related factors. These radially excited states are expected to be quite a bit more massive than their non-radially-excited counterparts. Thus, we expect little contribution from such states, provided we do not venture too far from the non-recoil point.
Furthermore, the propagators of such states are expected to lead to a further suppression of any contribution, as in the strict soft pion limit these states will be far off their mass shell.
III. LOW ENERGY CONSTANTS AND FORM FACTORS
The soft-pion limit of the B ℓ4 decays is determined in terms of four low energy constants:
g, α 1 , α 2 and α 3 ; four universal form factors: ξ(ν), ξ (1) (ν), ρ 1 (ν) and ρ 2 (ν); and mass differences between the resonances and the ground state mesons: However, in dealing with the contribution from the ground-state doublet (0
imperative that we include the mass difference δm 0 ≡ M 1 − − M 0 − , as this plays a profound role on the outcome of our analysis. We begin by formulating a simple model of the heavy mesons, and using the wave functions obtained from this model to calculate the quantities we need.
To estimate the masses and obtain wave functions, we use a version of the Godfrey-Isgur model [18] . In this version, one of the quark masses is set to infinity. In addition, we do not expand the wave function of a state in a harmonic-oscillator basis, but instead choose it to be that of a single harmonic-oscillator state with the appropriate quantum numbers.
The oscillator parameter of each wave function is obtained in one of two ways. In the first method, we perform a variational calculation, and the values obtained in this way are listed in table I. Also listed in this table are the mass differences between the excited states and the ground states. We discuss the second method of obtaining the value of the gaussian parameter below.
The low energy constants appropriate for soft-pion emission are estimated in a chiral quark model. In this model, pions couple only to the light constituent quarks of a heavy hadron, via the Lagrangian
where Γ µ and ω µ were defined previously,m q is the constituent quark mass, and the constituent quark field q transforms under chiral rotations as q → h(L, R, u)q. The axial coupling of the quark, g q A (0), is assumed to be unity. Arguments favoring this value for the axial coupling constant have been given in [19] . A non-relativistic expansion of the interaction term of this Lagrangian is performed, and the resulting non-relativistic interaction term is convoluted with wave functions obtained from the model described previously. The low energy constants obtained in this way are also listed in table I. More details of this model will be presented elsewhere.
One of the results of this analysis is that some of the low energy constants vanish in the limit when the pion energy in the vertex is taken to zero. For the cases where this chiral suppression occurs, we define the low energy constants as corresponding to the energy of the pion in the decay of an on-shell heavy resonance to an on-shell heavy ground-state. We expect that this procedure will furnish only rough estimates of these couplings.
We also use the chiral quark model to estimate the total and partial widths of the excited states relevant to our analysis. Phase space limits all decays to pions or η's, both of which can be described in terms of chiral dynamics. It turns out that decays to η's play only a small role, and then only for the (1
We can compare the results we obtain for the partial and total widths of these states with the calculation of Godfrey and Kokoski [20] , for instance. Unfortunately, we have only a single pair of states in common with that calculation, namely the (0 + , 1 + ) multiplet. The large total widths we obtain for these states are consistent with the widths obtained in [20] .
The low energy constants g, α 1 , α 2 and α 3 are related to the partial widths for the resonance decays into ground state mesons via single pion emission by
It is interesting to note that the value g = 0.5 obtained here is a direct result of the assumption that g The form factors ξ, ξ (1) , ρ 1 and ρ 2 are also obtained using these wave functions. They are extracted from the overlap of the wave function of the ground state with the boosted wave function of the appropriate excited state. The boost we use is a Galilean boost, which means that we are neglecting relativistic effects, as well as effects that arise from Wigner rotations. The explicit forms we obtain for these form factors are
In these expressions, β and β ′ are the harmonic oscillator parameters of the ground and excited states, respectively.Λ is defined by writing the mass of the ground state as
In the second of eqn. (3.3), we have set β = β ′ to ensure orthogonality of the wave functions of the
The parameters obtained by the methods outlined above will be refered to as set I. We obtain a second set of values for β and β ′ (and for all of the quantities we need, except the masses of the states) by first setting all the β's to the same value, and then choosing this value so that it reproduces the experimentally measured slope of the Isgur-Wise function.
The values of the parameters we obtain in this way are also shown in table I, and we will refer to this set of parameters as set II. Multiplet 
TABLES
Here j µ is the V-A charged leptonic current. For all practical purposes the lepton mass can be neglected (we do not consider decays into the τ family) and the leptonic current is considered to be conserved. The hadronic part of the amplitude Ω µ receives non-resonant (NR) and resonant (R) contributions, illustrated in figures 9 (a) and (b), respectively. Using the results of Appendices A and B, the evaluation of the Feynman diagrams is straightforward. The non-resonant portion is 
The resonant portion of Ω µ is
Here we denote δm j ≡ δm j − iΓ j /2, where Γ j is the total width of the resonance.
As explained earlier, contributions from other resonances than the ones considered are suppressed either by higher powers of the soft-pion momentum, as is the case with the (1 + , 2 + ) multiplet, by higher powers of (ν − 1) in the small recoil domain, or by the fact that they are much heavier than the ground state mesons.
The amplitude for this process has the general form
where ǫ D * ν is the polarization vector of the D * .
The non-resonant contributions to Ω µν are obtained from the diagrams shown in figure   10 (a), which give
The resonant contributions obtained from the diagrams in figure 10 (b) are given by
Here, Θ δρ γν results from the numerator of the spin-2 propagator in the heavy mass limit, and
As expected, all amplitudes vanish in the soft-pion limit. Moreover, resonance contributions vanish at zero recoil, as predicted by the heavy mass limit.
C. B → Dπℓν decay rate
In the analysis of B ℓ4 decays it is convenient to use the momentum combinations
In terms of these variables, the most general form of Ω µ is
where H, F , G and R are form factors dependent on the three invariants ν, p·v and p·v ′ .
These form factors are easily obtained from the explicit expressions of the non-resonant and resonant parts of the amplitude given in eqns. ( 4.2) and (4.4). The explicit expressions for the form factors are given in Appendix C. The assumption that the leptonic current is conserved implies that the term proportional to R does not contribute and can be ignored.
The squared modulus of the decay amplitude, after summing over the lepton polarizations and neglecting higher order terms in the pion mass squared is given by
The invariants appearing in this expression are
and λ is Källèn's function. In order to obtain explicit expressions for the remaining invariants, namely Q 2 , P · N, N · Q and L · Q, it is convenient to use as independent variables the quantities S Dπ , S ℓ , and the angles θ π , θ ℓ and φ. From eqn. (4.12), S Dπ and S ℓ are the invariant mass squared of the πD and ℓν pairs, respectively. The angles θ π , θ ℓ and φ are illustrated in figure 1 . θ π is the angle between the pion momentum and the direction of − → P in the c.m. frame of the πD pair, θ ℓ is the angle between the lepton momentum and the direction of − → L in the c.m. frame of the ℓν pair, and φ is the angle between the two decay planes defined by the pairs ( − → p π , − → p D ) and ( − → p ℓ , − → p ν ) in the rest frame of the B-meson. This is the set of variables initially introduced by Cabibbo and Maksymowicz [22] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The remaining invariants, are
Since the form factors depend on only one of the angles, namely θ π , in the expression for the partial width of the B ℓ4 decay the integrations over the angles φ and θ ℓ can be performed explicitly. Following standard steps, the differential partial width of interest can be expressed and the Jacobian J(x, y) is
For our purposes the interesting differential partial rate is dΓ B ℓ4 /dS Dπ which results from integrating eqn. (4.14) over S ℓ and θ π with no kinematic cuts.
The tensor Ω µν can be expressed in terms of twelve form factors as
In writing this form, we have neglected terms that vanish upon contraction with the con- It is straightforward to calculate the modulus squared of the resulting decay amplitude summed over the polarizations of the D * . Since the result is lengthy we prefer not to display it here. The partial width is given by an expression similar to that of eqn. (4.14) with the appropriate replacement of the squared amplitude.
V. RESULTS, DISCUSSION AND CONCLUSIONS
If we throw caution to the wind and apply our calculation to all of phase space, we find that the decay rate for B → Dπℓν ranges from 1.09 × 10 −14 GeV to 1.13 × 10 −14 GeV. The upper limit corresponds to including all the multiplets in the calculation, while the lower limit arises from including only the (0 − , 1 − ) and (0 + , 1 + ) multiplets. These decay rates correspond to branching fractions of 2.1%, somewhat larger than, but largely in agreement with the analysis of Cheng and collaborators [8] . We see, therefore, that the inclusion of the higher multiplets does not profoundly affect the total decay rate of B → Dπℓν. The effects on the spectrum, and on the decay B → D * πℓν are somewhat more striking, however.
Performing the same integration for the decay B → D * πℓν, we find that the total rate varies between 2.7 × 10 −16 GeV (BR = 5.0 × 10 −4 ) and 1.7 × 10 −15 GeV (BR = 0.3%).
Thus, inclusion of the resonances makes a significant change to this decay rate, increasing it by a factor of about 6. In both cases (B → Dπℓν and B → D * πℓν), the change in the quark model parameters from set I to set II has little effect on the integrated decay rates, but makes significant differences to the spectra obtained.
In a series of figures we show the differential B ℓ4 decay rates into a charged pion This covers a bit beyond the domain where the soft pion limit may be safely applied; for Λ χ ∼ 0.5 GeV, the soft pion limit holds up to S Dπ ∼ 6.5 GeV 2 . In each of these figures, we
show the spectra resulting from both sets of parameters, with set I corresponding to figures N(a), and set II to figures N(b). In addition, we normalize by dividing the differential decay width by the total semileptonic decay width B → Dℓν, calculated in the same model. In this way, we can lessen the impact of model dependences that enter through form factors and coupling constants. We note, however, that using |V cb | = 0.043, we obtain branching fractions of 1.8% (1.7%) (here, and in all that follows, the first number is obtained using the parameters of set I, while the second number, in parantheses, is obtained using the parameters of set II) for B → Dℓν and 4.6% (4.6%) for B → D * ℓν, in surprisingly good agreement with experiment. We have not compared our results with the differential decay rates for these decays, however. to 0.57. We see that the narrower state would provide a clearer signal for experimentalists.
The possibility of observing this pair of states in B ℓ4 decays will depend strongly on the value of the total width and on α 3 , as well as on the effects that various experimental cuts will have on the spectra we illustrate. While we do not study the effects of cuts in this work, we can estimate the number of events that one may see in the proposed B-factory.
The integrated width under the peak (from about 5.33 to 6.0 GeV 2 ) is 2.7 (3.9) × 10 While the dependence on the model parameters is clear, these estimates suggest that a study of the spectra of B → Dπℓν and B → D * πℓν offer some opportunity for discovery or confirmation of the resonances of the (0
Note that if we include the expected small mass difference between these two states, the single peak in these figures will become two peaks that are very close together (separated by about 0.32 GeV 2 if the mass splitting is about 60 MeV). The net effect would be a broadening of the structure that we have in our spectra.
In conclusion, we have studied B ℓ4 decays in the soft-pion limit using chiral perturbation theory and heavy quark symmetry. The resonances which give leading contributions in this limit have been included, and shown to be important in determining both the rate and the shape of the spectrum. The narrow (0
′ resonances show up as a peak in the S Dπ spectrum, and will likely be difficult to observe in B → Dπℓν. The possibility for detection or confirmation in B → D * πℓν is more promising. The wider resonances of the (0 + , 1 + ) multiplet show some effect on the total rate, but are not likely to be identified from the spectrum. Preliminary indications are that they may be identified at Aleph using the topology of the B ℓ4 decays [21] . The effect of these broad resonances is much more pronounced for B → D * πℓν than for B → Dπℓν, although the effects on both spectra are quite clear.
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APPENDIX B: THE CHARGED CURRENTS
In this appendix the explicit expressions for the charged currents displayed in eq. (2.12) are presented. They are
The effective currents where a B-meson resonance decays into a ground state D-meson are easily obtained simply taking the hermitian (minus the hermitian) conjugate of the vector (axial-vector) portion of the currents displayed above followed by the interchange of symbols B ↔ D and v ↔ v ′ .
APPENDIX C: THE FORM FACTORS
In this appendix we give the form factors needed in eqns. ( 4.10) and (4.17). The non-resonant and the resonant contributions are displayed separately.
B → Dπℓν
If we write
the form factors in equation (4.10) are H = −h,
From eqn. (4.2) we obtain the non-resonant contributions to the form factors as 
The form factors appearing in eqn. (4.17) are related to the ones in this expression by From eqn. (4.6) the non-resonant contributions to the form factors are
